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D scription 

I. Field of the Invention 

The present invention relates generally to an 
application system for applying fertilizer to agricul- 
tural land, and more particularly to a method and 
apparatus for ascertaining a current fertilizer con- 
tent of a soil scene in near real-time, and then 
determining a chemical prescription and dispensing 
fertilizer on the land without the need for a naviga- 
tion system or digital fertilizer maps. 

II. Background of the Invention 

In the fertilizer industry, there is a growing 
awareness of environmental concerns and the abil- 
ity of a custom applicator to answer those con- 
cerns. A variable rate technology can be imple- 
mented using a plurality of maps containing soil- 
type information, current fertilizer levels and de- 
sired fertilizer levels, used in combination with a 
navigation system to create a chemical prescrip- 
tion. 

As is well known, the three most common 
nutrient components of soil are nitrogen, phos- 
phorous and potassium. Differing soil types, each 
of which may be categorized according to the 
relative proportions of sand, clay and silt, have 
differing percentages of these nutrients. Even like 
soil types can have differing percentages of these 
nutrients within agricultural land due to drainage 
characteristics, moisture content and erosion. Thus, 
fertilizer application systems need to account for 
the present levels of fertilizers at each location of 
the agricultural field to determine a chemical pre- 
scription when applying fertilizers to achieve de- 
sired fertilizer levels. One embodiment of a fertil- 
izer application systems is discussed in EP-A- 
576121, which is part of the state of the art accord- 
ing to Article 54(3)EPC. The system includes a 
plurality of maps storing soil types, and present 
and desired fertilizer levels within a field. Using a 
navigation system and a speed sensor, the system 
coordinates the vehicles location within the field to 
each of the maps to determine the application rate 
of fertilizers to attain the desired levels of fertilizers. 

While navigation systems currently available 
are becoming increasingly more accurate in resolu- 
tion, such as Global Positioning Systems, there still 
can be an alignment difficulty based on the inher- 
ent inaccuracies of the source data utilized to cre- 
ate the map. Thus, a closed-loop application sys- 
tem which would eliminate the coordination of the 
navigation positioning system to the soil and fertil- 
izer maps, would be an advancement over prior art 
systems. Up until now, soil analyzers capable of 
sampling soil for chemical content in near real-time 
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were unavailable, thus requiring soil maps and fer- 
tilizer maps to be first created by a soil scientist, 
and then digitized for subsequent use by the ap- 
plication equipment. Due to various unc rtainties in 

5 the analysis, these maps may differ from the real 
world conditions at time of fertilizer application due 
to time, weather, miscalculations, or a variety of 
other problems. 

U.S. Patent No. 5,044,756 to Gaultney et al. 

w teaches a real-time soil organic matter sensor. This 
sensor is adapted to a vehicle to determine organic 
matter content of soil at a soil scene. This device 
uses a light source which generates light at a fixed 
frequency, and senses the intensity of the reflected 

75 light at the same fixed frequency to determine the 
organic matter content. This device is limited to 
obtaining only organic matter content of soil based 
upon a percentage of the reflected light of a fixed 
frequency, and does not form a portion of an 

20 fertilizer application system. 

EP-A-0181308 and US-A-5033397 each dis- 
close an apparatus for spreading fertilizer on a field 
according to the existing level of an element on the 
field. The former document discloses that prior to 

25 fertilizing the field the fertilizer requirements of 
each soil type in the field are determined by the 
operator and entered into a computer which is part 
of the apparatus. The latter document discloses 
sensing the level of the target element using an 

30 electrode which contacts the soil in conjunction 
with a real-time sensor. 

The pre-characterising parts of claims 1 and 13 
are based on US-A-5033397 and the distinguishing 
features of the present invention are set out in the 

35 characterising parts of claims 1 and 1 3. 

It is an object of the present invention to pro- 
vide a closed-loop fertilizer application system 
which does not require maps of current fertilizer 
levels. 

40 Still yet another object of the present invention 
is to provide a closed-loop fertilizer application 
system including a soil analyzer capable of analyz- 
ing soil for chemical content in real-time and with 
high accuracy. 

45 Other objects, features and advantages of the 
present invention will become apparent to those 
skilled in the art through the Description of the 
Preferred Embodiment, Claims, and drawings here- 
in, wherein like numerals in the various figures 

50 relate to like elements. 

The foregoing features and advantages of the 
present invention are achieved in a preferred em- 
bodiment by providing a closed-loop fertilizer ap- 
plication system which determines a chemical pre- 

55 scription in real-time for a soil scene, depending on 
the soil fertilizer content ascertained by a soil ana- 
lyzer in real-time, and which dispenses fertilizer on 
the soil scene in response to the chemical pre- 
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scription. Preferably, the soil analyzer comprises a 
spectrograph performing spectroradiometric mea- 
surements to provide a non-contact method of as- 
certaining soil chemistry. The fertilizer application 
system comprises a vehicle capable of traversing a 
field. A soil analyzer capable of obtaining a soil 
signature indicative of the fertilizer content of a soil 
scene is adapted to the vehicle. The soil analyzer 
comprises a signal generator generating a first 
signal at a fixed frequency and directed towards 
the soil scene. The soil analyzer also comprises a 
detector for detecting a returned second signal 
from the soil scene induced by the first signal. The 
second signal is composed of a plurality of fre- 
quencies and defines the soil signature. A dis- 
penser apparatus is connected to the vehicle and is 
responsive to the soil analyzer for dispensing at 
least one type of product at a rate dependent upon 
the detected soil signature. 

Preferably, the soil analyzer comprises a spec- 
trograph radiating the soil scene at a pre-deter- 
mined fixed frequency, wherein a spectrum of re- 
turned second signals is detected by the soil ana- 
lyzer. The dispenser apparatus compares the de- 
tected soil signature to a pre-determined soil signa- 
ture stored therein and determines a soil prescrip- 
tion dependent upon the differences between the 
detected and pre-determined soil signatures, and 
then dispenses the product at a rate dependent 
upon the soil prescription and the vehicle speed. 
Using a spectrograph, the spectrograph determines 
the intensity of the returned spectrum of second 
signals. The dispenser apparatus compares the 
intensity of the detected second signals to the 
intensity of the pre-determined soil signature, pref- 
erably at one or more pre-determined frequencies 
where spikes occur. Ideally, the pre-determined soil 
signature represents the soil signature a soil scene 
comprised of 100 percent of a particular product. 
Thus, the ratio of the determined intensity to the 
pre-determined intensity at a spike at a common 
wavelength is indicative of the percentage of the 
product sensed at the soil scene. 

A further feature of the preferred embodiment 
is that the soil analyzer can perform real-time aver- 
aging of the intensities of the detected second 
signals. The dispenser apparatus then dispenses 
the product as a function of the averaged second 
signals. Since the second signals are averaged 
over time, a more uniform distribution of fertilizers 
is obtained. In the preferred embodiment, the soil 
signature is indicative of the nitrogen, phosphorous 
and potassium chemicals at the soil scene. 

The soil analyzer is preferably coupled to the 
vehicle at pre-determined forward location of the 
vehicle, wherein the dispenser is positioned at a 
pre-determined distance behind the soil analyzer. 
Thus, as the vehicle traverses the field at a fixed 



speed, there will be an inherent time delay be- 
tween when the soil analyzer passes over and 
analyzes a particular soil scene and when the dis- 
penser passes thereover. This inherent time delay 

5 is adequate for the soil analyzer to obtain a soil 
signature, and for the dispenser apparatus which 
includes an expert system to process the soil sig- 
nature obtained from the soil analyzer and subse- 
quently dispense the appropriate amount of chemi- 

70 cals on the soil scene. Using a spectrograph, the 
soil analysis can be formed in a matter of millisec- 
onds. Thus, the time delay for the dispenser ap- 
paratus to process the soil signature and dispense 
the chemicals primarily determines how far forward 

75 of the dispenser the soil analyzer needs to be 
disposed if the vehicle is to traverse the field at a 
particular speed. 

DESCRIPTION OF THE DRAWINGS 

20 

Figure 1 is a side elevational view of a dispens- 
ing vehicle having a soil analyzer at a forward 
location of the vehicle, and with a dispensing 
assembly at a rearward location thereof; 

25 Figure 2 is a block diagram of the soil applica- 
tion system controlled by an expert system, 
which expert system controls the application 
system as a function of the speed sensor and 
the soil signature from the soil analyzer; 

30 Figures 3, 4 and 5 are graphs of several spectra 
sensed by the spectrograph at a soil scene. The 
Raman shift is illustrated as a function of inten- 
sity for each of three chemicals under-study, 
wherein each of the three spectra are scaled to 

35 one another, and are obtained using a different 
source frequency chosen on the basis of which 
chemical is to be studied; 
Figures 6, 7 and 8 illustrate a reference spectro- 
graph obtained from separate soil scene com- 

40 prised entirely of nitrogen, phosphorus and po- 
tassium, respectively. The respective obtained 
spectra in Figures 3, 4 and 5 are compared 
against the respective spectra of Figures 6, 7 
and 8 wherein the ratio of intensities at one or 

45 more peak frequencies between the respective 
Figures is indicative of the percentage of that 
chemical in the soil scene; and 
Figure 9 is a flow diagram of the operation for 
the closed-loop application system. 

50 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Referring to Figure 1 , a sid elevational view of 
55 a closed-loop fertilizer application system accord- 
ing to the present invention is generally shown at 
10. System 10 compris s a vehicle 12, such as a 
tractor, capable of traversing an agricultural field. 
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Tractor 12 includes a plurality of product bins 14 
for storing a plurality of fertilizer blends, such as 
nitrogen, phosphorous and potassium. Fertilizer is 
dispensed from each respective bin 14 by a re- 
spective dispenser 16 to conveyor 18 at a rate 
controlled by expert system 30. (See Figure 2). 
The dispensed fertilizers are conveyed by con- 
veyor 18 to a pneumatic spreader or dispenser 
apparatus 20, as taught by U.S. Patent No. 
5,028,009 assigned to the present applicant and 
incorporated herein by reference. Product bin 14, 
dispenser 16, conveyor 18 and spreader 20 form 
an application system 22 which is controlled by 
expert system 30 as shown in Figure 2. The ap- 
paratus described so far is well-known in the art 

Still referring to Figure 1, system 10 further 
includes a vertically oriented elongated support 
structure 24 which is secured to a forward portion 
of the frame of vehicle 12 and is disposed a pre- 
determined distance forward of dispenser 20. The 
lower end of structure 24 extends downward to- 
wards the soil and is telescopingly coupled to a 
soil cutting knife 26, which knife is well-known in 
the art. Cutting knife 26 extends a selectable pre- 
determined distance into the soil due to the tele- 
scoping feature and generates a furrow as vehicle 
12 traverses the field. Knife 26 generates a furrow 
with a flat bottom as it is traversed through the 
field, the flat bottom furrow forming the soil scene. 
A soil analyzer 28 is securingly disposed within 
knife 26, and is disposed proximate the soil scene 
(flat portion of the furrow), but is spaced a pre- 
determined distance thereabove to define a non- 
contact sensor. Thus, soil analyzer 28 will not be- 
come damaged or obstructed by soil as knife 26 is 
traversed through the soil. A speed sensor 32 (see 
Figure 2) is provided within vehicle 12 for providing 
an output indicative of the speed of vehicle 12 
relative to the soil. 

Now referring to Figure 2, a block diagram of 
the closed-loop fertilizer application system accord- 
ing to the preferred embodiment of the invention is 
shown. As discussed earlier, soil analyzer 28 is 
operatively coupled to expert system 30 via line 
34. Expert system 30 is a multitasking processing 
system based, for example, on a UNIX operating 
system. Expert system 30 is the heart of the sys- 
tem for it coordinates and operates in response to 
other major subsystems to control the dispensing 
rate of multiple fertilizer blends contained in the 
respective bins 14. Expert system 30 resides within 
the cab of vehicle 12 and controls application sys- 
tem 22 via line 36. Expert system 30 and applica- 
tion system 22 define a dispensing mechanism. A 
speed sensor 32, such as a radar bas d sensor, is 
coupled to expert system 30 via line 38 for provid- 
ing expert system 30 with vehicle speed. 



Soil analyzer 28 preferably comprises a spec- 
trograph, such as model PR-704/PR-714 manufac- 
tured by the Photo Res arch Company of Chat- 
sworth, California. A key feature of soil analyzer 28 

5 is its ability to analyze the soil scene for chemical 
composition in near real-time, and provide a spec- 
tra forming a soil signature, typically in as little as 
26 milliseconds. Soil analyzer 28 is PC-compatible, 
and expert system 30 can respond to the output 

w from soil analyzer 28 in near real-time. Expert 
system 30 determines a soil prescription based on 
the spectra, and then instructs control application 
system 22 to dispense a blend of fertilizers at a 
rate depending upon the determined soil chemical 

15 composition, and vehicle speed. Expert system 30 
can process the output from soil analyzer 28 in 
approximately 100 milliseconds to determine a 
chemical prescription for the soil scene, and 
spreader 20 can react to the instructions from 

20 expert system 30 in approximately .5 seconds. 
Thus, when vehicle 12 travels at 28.96 km an hour 
(18 miles an hour), the vehicle would travel ap- 
proximately 241.3 mm (9± inches) while soil ana- 
lyzer 28 is completing its measurement, 805.18 

25 mm (31 .7 inches) while expert system 30 is deter- 
mining the chemical prescription based on the 
spectra from the soil analyzer 28, which is the soil 
signature, and approximately 3.965 m (13 feet) 
while spreader 20 is reacting to the commands 

30 from expert system 30. Thus, support structure 24 
(see Figure 1), and knife 26 and soil analyzer 28 
defined therein is positioned at least 4.88 m (16 
feet), and preferably 6.1 m (20 feet), forward of 
dispenser 20 for a vehicle traveling at 28.96 km an 

35 hour (18 miles an hour). 

By reducing the response time of spreader 20, 
the minimum required separation of sensor 28 and 
spreader 20 can be reduced for a given vehicle 
speed. For instance, by reducing the reaction time 

40 of spreader 20 to .25 seconds, a net separation 
between soil analyzer 28 and spreader 20 of 3.05 
m (10 feet) is required for a vehicle traveling at 
28.96 km an hour (18 miles an hour). 

A key feature of soil analyzer 28 used with 

45 expert system 30 is the ability to accurately deter- 
mine the presence and percent of specific fertiliz- 
ers within at the soil scene, as well as the ability to 
determine the type of soil, in near real-time. The 
spectrograph performs soil analysis operating on 

50 the principle of spectroradiation, which is radiating 
the soil with an illumination source at a selected 
fixed frequency to cause the elements of interest to 
fluoresce or glow, A sp ctral radiance of each of 
the chemicals of interest is measured by the spec- 

55 trograph, wherein the spectrograph produces a 
spectrographic image of the soil scene measured. 
Different elements, such as nitrogen, potassium, 
phosphorous and zinc are excited by a selected 
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fixed, but different, frequency illumination source. 
Nitrogen, potassium, phosphorous and zinc will 
each fluor see optimally when excited by a source 
(laser) of differing frequencies. For instance, potas- 
sium will optimally fluoresce when excited by a 
766.4 nm. wavelength source, nitrogen at 1246.9 
nm., phosphorous at 956.3 nm., and zinc at 636.2 
nm. The various wave lengths at which each of the 
elements radiates or peaks is unique, and the in- 
tensities of the peaks are dependent upon the 
wave length of the illumination source. Due to 
quantum mechanics, each element will produce a 
spectral image unique to the next for a given 
illumination source, allowing the spectral images to 
be distinguished. 

Figures 3, 4 and 5 represent three different 
spectral images obtained from the same soil scene 
when radiated by the source at the respective ideal 
wavelength mentioned, wherein the soil scene 
comprises 25% nitrogen, 20% phosphorous and 
30% potassium. Referring to Figure 6, a spectral 
image of a soil scene containing 1 00 percent nitro- 
gen is shown. Similarly, a spectral image of a soil 
scene comprising 100% phosphorous and 100% 
potassium is shown in Figures 7 and 8, respec- 
tively. The operator stores in the memory of expert 
system 30 the intensity of the spectral peaks for 
soil scenes comprised of 100 percent of the re- 
spective chemical, as shown in Figures 6-8. In 
operation, expert system 30 compares the intensity 
of the peaks of the ascertained spectral images in 
Figures 3, 4 and 5 to intensity of the peaks stored 
in memory and shown in respective reference im- 
ages shown in Figures 6, 7 and 8. For instance, the 
percentage of nitrogen in the soil scene is equal to 
the ratio of the peak intensity of Figure 3 to the 
peak intensity image of Figure 6 at common 
wavelengths, which intensities are stored in the 
memory of expert system 30. The ratio of phos- 
phorous and potassium is calculated by expert 
system 30 in a similar manner using Figures 4-5 
and 7-8. 

This chemical composition measuring process 
is repeated for each of the elements of interest 
when system 10 is in operation, either sequentially 
using a single source at different frequencies, or in 
parallel using four sources having four different 
frequencies. The spectral image obtained, shown in 
Figure 3, is compared against the spectral image of 
a soil scene consisting of 100 percent of the re- 
spective chemical of interest, such as shown in 
Figure 6. Initially, expert system 30 first determines 
whether a certain element is pr sent by comparing 
the obtained spectral image, such as Figure 3, to 
the reference spectral image, such as Figure 6 to 
ascertain if a spectral peak is present (exceeds a 
pre-determined threshold) at the known florescence 
wavelength for the chemicals under study, such as 



at 50 for nitrogen, 52 for potassium, and 54 for 
phosphorous. If a spike is present, the amplitude of 
each of the ascertained peaks r ference 50, 52, or 

54, as shown in Figures 3, 4 and 5 is compared 
5 against the amplitude of the reference peaks 58, 60 

and 62 of Figures 6, 7 and 8, representing a soil 
sample having 100 percent nitrogen, phosphorous 
and potassium, respectively. The combination of 
the spectral images shown in Figures 3, 4 and 5 is 

70 representative of the soil scene under study, and is 
commonly known as the soil signature. 

To obtain an even more accurate calculation of 
the percentage of chemicals present at the soil 
scene, a separate peak different from 50, 52 and 

rs 54 peak frequency having the next higher intensity 
in Figures 3, 4 and 5, and identified at 51 , 53 and 

55, respectively, is compared to the intensity of the 
respective reference peak (at the same wavelength) 
also stored in memory and shown in Figures 6, 7 

20 and 8, and identified at 59, 61 and 63. To obtain 
yet an even more accurate calculation of chemical 
content, the intensity of other peak frequencies 
shown in Figures 3-5 can be compared to the 
intensity of the corresponding reference peaks 

25 shown in Figures 6-8. By averaging or weighting 
the chemical content individually calculated using 
the different peak frequencies, errors due to mea- 
surement tolerances, or due to the possibility some 
elements will produce peaks at lower intensities at 

30 a same frequency when excited, can be reduced. 

Spectrograph 28 also determines the soil type 
at the soil scene by ascertaining the water content 
of the soil scene, as moisture in the soil sensed in 
the furrow is indicative of the type of soil. For 

35 instance, soil comprised of clay will retain more 
moisture than sand or silt, and the ratios of the 
water holding capabilities for each of the soil types 
is known. Spectrograph 28 is used to produce a 
spectral radiance of water present at the soil scene. 

40 This spectrograph is then compared to a reference 
spectrograph stored in expert system 30 and indi- 
cative of a soil scene with a pre-determined per- 
centage of water. The intensities of the spectrums 
at a peak frequency are compared by expert sys- 

45 tern 30 to ascertain the percentage of water in the 
soil. Once this percentage of moisture is known, 
expert system 30 characterizes the soil scene as a 
percentage of clay, silt or other well-known types of 
soil based on the relative moisture holding capabil- 

50 ities of each soil type by referencing a data table 
stored in the memory of expert system 30. 

Once expert system 30 obtains the percentage 
of chemicals in the soil at the soil scene, as well as 
the type of soil present, expert system 30 then 

55 proceeds to utilize the chemical information re- 
ceived to create a chemical prescription or rec- 
ommendation for the dispensing control system to 
follow. Control signals are then generated by expert 
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system 30 as a function of vehicle speed to ap- 
plication system 22 via line 36, including the proper 
dispensing rate for the various chemicals from bins 
14 by dispenser 20. For instance, if expert system 
30 determines the soil scene to have 5 percent 
nitrogen, and the soil is comprised of clay, a 
chemical prescription of nitrogen is ascertained 
from a data table in expert system 30 memory. 
However, if expert system 30 determines, using the 
spectrograph 28, that the soil is comprised of sand, 
a different chemical prescription for nitrogen is 
established for application system 22 from expert 
system 30 data tables. Expert system 30 can take 
into account many other variables as well to deter- 
mine the chemical prescriptions for each of the 
chemicals which are to be dispensed from bins 14 
by dispenser 20. For instance, soil analyzer 28 can 
determine organic matter percentages at the soil 
scene, and how coarse the soil is which can be 
indicative of the fertilizer retaining properties of the 
soil. Thus, expert system 30 is well suited to utilize 
many variables in conjunction with the determined 
percentages of fertilizers present at the soil scene 
when creating the chemical prescription for control- 
ling application system 22. 

Other support systems are provided as well, 
such as a printer 40 for providing a printout of the 
system status, a keyboard system 42 for program- 
ming and entering data into expert system 30, and 
a monitor 44 for providing a visual status of the 
application system 10 to the operator. Expert sys- 
tem 30, printer 40, keyboard 42 and monitor 44 all 
reside within the cab of the vehicle. A variety of 
speed sensors 32 provide expert system 30 with 
the speed of the vehicle in real-time, which speed 
sensors are well-known in the art. The dispensing 
rate is determined as a function of the chemical 
prescriptions and vehicle speed. 

While utilizing a spectrograph using spec- 
troradiometry is the preferred soil analyzer used in 
the preferred embodiment of the present invention, 
it is recognized that the basic principles of spec- 
troradiometry can be applied using microwave or 
ultrasonic techniques as well. For instance, stimu- 
lating the soil scene with a signal at a preselected 
fixed frequency with microwave or ultrasonic sour- 
ces will induce returned signals comprised of mul- 
tiple frequencies, known as the soil signature, and 
which soil signatures are indicative of the elements 
present in the soil scene. Thus, limitation to im- 
plementing a spectrograph is not to be inferred. 
Rather, the general principle of exciting soil at a 
pre-determined fixed frequency, which chosen fre- 
quency is ideal to sense the presence and quantity 
of a particular element, to obtain a composite of 
signals returned from the soil scene is contem- 
plated, and can be implemented in near real-tim . 
For instance, exciting a soil scene with an illumina- 



tion source at 1247 nm. will maximally excite the 
first order atoms of nitrogen due to quantum-me- 
chanics. Different fixed frequencies can be gen- 
erated for sensing different d sired elements. Thus 

5 again, while a fixed frequency signal is used as a 
source, such as that produced by a laser in the 
visual range of the spectrum, other sources such 
as microwave signal generators and ultrasonic gen- 
erators can be used as well, with varying sensing 

to techniques. 

OPERATION 

Referring now to Figure 9, a flow diagram for 

75 operation of the present closed-loop chemical ap- 
plication system 10 is illustrated. At step 70, the 
operator first obtains reference spectrographs for 
soil scenes which include 100 percent of the de- 
sired elements to be sensed, such as shown in 

20 Figures 5, 6, 7 and 8, and for a fixed percentage of 
water. For instance, the spectrograph of soil com- 
prising of 100 percent nitrogen is obtained, and 
similarly, a spectrograph for each of the other 
elements including phosphorous, potassium and 

25 zinc is obtained from a soil scene comprising of 
100 percent of the respective elements. The am- 
plitudes of the peak frequencies at the appropriate 
wavelength obtained in each of the reference spec- 
trographs are stored in memory in expert system 

30 30. 

Next, application system 22 is initialized at step 
72. At this step, the bins are checked and loaded 
with appropriate chemicals to be dispensed such 
that the dispenser is ready to dispense the appro- 
35 priate chemicals at a rate determined by expert 
system 30. 

At step 74, the reference tables of expert sys- 
tem 30 are updated, wherein input from soil scien- 
tists can be updated. The inputs consist of various 

40 information, including tables for determining the 
type of soil based on water content, tables for 
determining the desired fertilizer levels for different 
types of fertilizers for each type of soil, and tables 
for determining dispensing rates of fertilizer based 

45 on the desired fertilizer level and the sensed fertil- 
izer levels. Expert system 30 utilizes these tables 
to determine a chemical prescription. 

Next, at step 76, soil analysis of the soil scene 
is performed in real-time by soil analyzer 28 as 

so vehicle 12 traverses the field. Spectrographs of the 
soil scene are obtained by the soil analyzer 28 
located behind the knife 26 in the furrow as the 
vehicle traverses the field. Spectrographs of ach 
chemical of interest, and for water, are obtained. 

55 The spectrographs are communicated to exp rt 
system 30, wherein expert system 30 calculat s 
the chemical prescriptions for the soil scene at 
step 78. This is done by first comparing the ob- 
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tained spectrographs (Figures 3, 4 and 5) to the 
stored reference spectrographs (Figures 6, 7 and 
8) determined in step 70. By comparing the spec- 
trographs, the presenc of the different chemicals 
are determined, wherein the percentage of the 
chemicals present is ascertained by determining 
the ratio of the intensities of the spectrograph at 
one or more peak frequencies (Figures 3, 4 and 5) 
to the intensities of the referenced spectrographs 
(Figures 6, 7 and 8) at the respective peak fre- 
quencies determined in step 70. 

The type of soil present at the soil scene is 
also determined by the expert system 30 by com- 
paring the obtained spectrograph for water to the 
reference spectrograph, and then tables stored in 
expert system 30 memory at step 74 are used to 
characterize the soil type based on the percentage 
of water present. Then, appropriate data tables of 
expert system 30 are referenced to determine the 
soil prescription. For instance, if the soil scene is 
determined to be clay based on water content, and 
5 percent nitrogen is present, the table would in- 
dicate given these conditions a nitrogen level of 10 
percent is desired. This would be the soil prescrip- 
tion. Expert system 30 then determines vehicle 
speed from sensor 32, and promptly sends the 
appropriate command signal to the dispenser 20 to 
establish the appropriate dispensing rate such that 
given the vehicle speed, a 10 percent nitrogen 
level is established at the soil scene. Thus, at step 
80, dispenser 20 dispenses the appropriate chemi- 
cals of the appropriate rate. The dispensing of 
chemicals via dispenser 20 is timed to account for 
vehicle speed, respective time delays of the com- 
ponents, and the separation between analyzer 28 
and dispenser 20 such that dispenser 20 dispenses 
the appropriate chemicals when it is over the soil 
scene analyzed by soil analyzer 28. 

Steps 76 through 80 are continually repeated 
as vehicle 12 traverses the field. The application 
procedure can be terminated by the operator at 
any time by exciting the routine at step 82. The 
closed-loop system can be initiated again by re- 
turning to step 76, wherein the closed-loop proce- 
dure continues again such that the appropriate rate 
of chemicals is dispensed as the vehicle traverses 
the field. Alternatively, the routine can return to 
step 74 to update the input, such as data tables, in 
the expert system 30 by providing more input from 
the soil scientists. The routine can also be re- 
initialized by proceeding directly back to step 76 to 
store additional or different spectrographs used as 
the reference spectrographs. 

The closed-loop routine is realized by continu- 
ously executing step 76, 78 and 80 to continuously 
perform soil analysis in near real-time, calculating 
the soil prescription in near real-time based on the 
results of the soil analysis, and then dispensing 
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chemicals at the appropriate rate to the soil scene 
according to the soil prescription determined in 
step 78 using soil tables and th v hide speed. In 
step 80, th dispensing rate is determined by tak- 

5 ing account of the vehicle speed along with the 
chemical prescription such that the appropriate dis- 
pensing rate is determined and commanded in 
step 80. Step 80 also takes into account the dis- 
tance between the soil sensor 28 and dispenser 20. 

70 Knowing the speed of the vehicle, the time elapsed 
between when soil analyzer 28 passes over a par- 
ticular soil scene, and when dispenser 20 passes 
over the same scene, is taken into account such 
that the appropriate amount of chemicals is dis- 

75 pensed at the soil scene. 

Step 76 consumes approximately 30 millisec- 
onds, step 78 consumes approximately 100 mil- 
liseconds, and the time delay for the dispenser 20 
to respond to the dispensing rate instruction at step 

20 80 is approximately .5 seconds. Thus, for a vehicle 
traveling 28.96 kmph (18 mph), an overall process- 
ing time of .63 seconds is required. Thus, the 
minimum separation of soil analyzer 28 and dis- 
penser 20 is 5.185 m (17 feet). By affixing support 

25 structure 24 to the frame of vehicle 12 to dispose 
soil sensor 28 forward of the dispenser 20 to estab- 
lish a separation of say 6.1 m (20 feet), the dis- 
pensing system 10 will always have sufficient time 
to perform soil analysis, calculate the soil prescrip- 

30 tion and subsequently dispense the chemicals onto 
the soil scene. The faster vehicle 12 is traversing 
the field, obviously, the larger the required mini- 
mum spacing of soil analyzer 28 from dispenser 
20. Any spacing of the soil sensor from dispenser 

35 20 in excess of the minimum separation can be 
taken account by delaying the control signals from 
expert system 30 to dispenser 20 and this provides 
a time margin. 

40 Claims 

1. An apparatus for treating an area of soil, com- 
prising: 

(a) a vehicle (12) capable of traversing a 
45 field; 

(b) soil analysis means (28) coupled to said 
vehicle (12) for obtaining a signal indicative 
of a content of at least one element at a soil 
scene, characterised in that the soil analysis 

so means (28) comprises 

(i) signal generating means for generat- 
ing a first signal at a pre-determined 
fixed frequency and directing said first 
signal upon the soil scene; and 

55 (ii) detecting means for detecting a re- 

turned second signal from the soil seen 
induced by the first signal, said second 
signal composed of a plurality of fre- 
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quencies and defining a soil signature 
indicative of the content of said element; 
the apparatus further comprising 
(c) dispensing means (30, 22) operatively 
coupled to the detecting means for dispens- 5 
ing a quantity of the element as a function 
of the soil signature. 

2. The apparatus as specified in Claim 1 , wherein 

the apparatus comprises means (30) for deter- w 
mining soil type at said soil scene, wherein 
said dispensing means dispenses said element 
as a function of said soil type. 

3. The apparatus as specified in Claim 1 or 2 75 
further comprising a means (32)for sensing 
vehicle speed operatively coupled to the dis- 
pensing means (22, 30), wherein said dispens- 
ing means dispenses said element as a func- 
tion of said vehicle speed. 20 



10. The apparatus as specified in Claim 7 wherein 
said percentage determining means (30)- 
comprises: 

(a) means for storing a pre-det rmin d val- 
ue indicative of a known percentage of said 
element; and 

(b) means for comparing said pre-deter- 
mined value to the determined intensity of 
the second signal to obtain an output, said 
output being indicative of the percentage of 
the element in the soil scene. 

11. The apparatus as specified in any one of 
Claims 1 to 5 and 7 to 10 wherein said soil 
analysis means (28) implements ultrasonic 
waves. 

12. The apparatus as specified in any one of 
Claims 1 to 5 and 7 to 10 wherein said soil 
analysis means (28) implements microwaves. 



4. The apparatus as specified any preceding in 
Claim wherein said detecting means is op- 
erable to perform real-time averaging of de- 
tected second signals, and dispenses said ele- 
ment as a function of said averaged second 
signals. 

5. The apparatus as specified in any preceding 
Claim wherein said detected soil signature is 
indicative of nitrogen, phosphorous, and potas- 
sium present at the soil scene. 

6. The apparatus as specified in any preceding 
Claim wherein said soil analysis means (28) 
comprises a spectrograph. 

7. The apparatus as specified in any preceding 
Claim wherein said dispensing means (22, 30) 
is positioned a pre-determined distance behind 
said soil analysis means (28). 

8. The apparatus as specified in any preceding 
Claim wherein said soil analysis means (28) 
further comprises 

mean (30) for determining an intensity of 
said returned second signal operatively coup- 
led to 

means forming part of said dispensing 
means and operable to determine a percent- 
age of the element in the soil scene from said 
second signal intensity. 

9. The apparatus as specified in any preceding 
Claim further comprising means (26) coupled 
to said vehicle (12) for preparing said soil 
scene. 



13. A method of treating agricultural land compris- 
ing the steps of: 

(a) ascertaining a current element level of a 
25 soil scene; 

(b) determining a soil prescription; and 

(c) applying the element to said soil scene 
as a function of said determined soil pre- 
scription, characterised by ascertaining the 

30 current element level by 

(i) exciting the soil scene with a signal of 
a pre-determined fixed frequency; 

(ii) sensing a second signal induced by 
said first signal from said soil scene, said 

35 second signal comprising a plurality of 

frequencies; and 

(iii) comparing said second signal to a 
reference signal to determine the ele- 
ment level of said soil scene; and deter- 

40 mining the soil prescription based on the 

soil type and the second signal. 

14. The method of Claim 13 wherein said method 
is performed in near real-time. 

45 

15. The method of Claim 13 or 14 further compris- 
ing the step of ascertaining a speed of a 
vehicle adapted to apply the element to the 
soil scene in step (c) and applying the element 

50 to the soil scene in step (c) as a function of 
said vehicle speed. 

16. The method of Claim 13, 14 or 15 further 
comprising the step of 

55 ascertaining a soil type of the soil sc ne 

and applying the element to the soil seen in 
step (c) as a function of said soil type. 
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Patentanspruche 

1. Vorrichtung zum Behandeln einer Bodenflache, 
mit: 

a) einem Fahrzeug (12), das geeignet ist, 
ein Feld zu Gberqueren; 

b) einer Bodenanalyseeinrichtung (28), die 
mit dem Fahrzeug (12) verbunden ist, urn 
ein Signal zu erhalten, das einen Gehalt von 
wenigstens einem Element an einer Boden- 
flache angibt, dadurch gekennzeichnet, 
daB die Bodenanalyseeinrichtung (28) auf- 
weist: 

i) eine Signalerzeugungseinrichtung zum 
Erzeugen eines ersten Signals bei einer 
vorbestimmten festen Frequenz und zum 
Leiten des ersten Signals auf die Boden- 
flache; und 

ii) eine Erfassungseinrichtung zum Erfas- 
sen eines zurlickgesandten zweiten Si- 
gnals von der Bodenflache, das vom er- 
sten Signal induziert wird, wobei das 
zweite Signal aus einer Vielzahl von Fre- 
quenzen besteht und eine Bodenken- 
nung bestimmt, die den Gehalt des Ele- 
mentes anzeigt; wobei die Vorrichtung 
ferner umfafit 

c) eine Abgabeeinrichtung (30, 22), die wirk- 
maBig mit der Erfassungseinrichtung ver- 
bunden ist, urn eine Menge des Elementes 
als Funktion der Bodenkennung abzugeben. 

2. Vorrichtung nach Anspruch 1, bei welcher die 
Vorrichtung eine Einrichtung (30) zum Bestim- 
men der Bodenart an der Bodenflache enthSIt, 
wobei die Abgabeeinrichtung das Element als 
Funktion der Bodenart abgibt. 

3. Vorrichtung nach Anspruch 1 Oder 2, welche 
ferner eine Einrichtung (32) zum Erfassen der 
Fahrzeuggeschwindigkeit aufweist, die wirkma- 
Big mit der Abgabeeinrichtung (22, 30) verbun- 
den ist, wobei die Abgabeeinrichtung das Ele- 
ment als Funktion der Fahrzeuggeschwindig- 
keit abgibt. 

4. Vorrichtung nach einem der vorhergehenden 
AnsprUche, bei welcher die Erfassungseinrich- 
tung betreibbar ist, urn eine Echtzeit-Mittelung 
der erfaBten zweiten Signale durchzufuhren, 
und das Element als Funktion der gemittelten 
zweiten Signale abgibt. 

5. Vorrichtung nach einem der vorhergehenden 
AnsprUche, bei welcher die erfaBte Bodenken- 
nung an der Bodenflache vorhandenen Stick- 
stoff, Phosphor und Kalium anzeigt. 



6. Vorrichtung nach einem der vorhergehenden 
Anspruche, bei welcher die Bodenanalyseein- 
richtung (28) einen Spektrographen umfafit. 

5 7. Vorrichtung nach einem der vorhergehenden 
Anspruche, bei welcher die Abgabeeinrichtung 
(22, 30) um einen vorbestimmten Abstand hin- 
ter der Bodenanalyseeinrichtung (28) angeord- 
net ist. 

10 

8. Vorrichtung nach einem der vorhergehenden 
Anspruche, bei welcher die Bodenanalyseein- 
richtung (28) ferner eine Einrichtung (30) zum 
Bestimmen einer Intensitat der zurUckgesand- 

75 ten zweiten Signale umfaBt, die wirkmaBig mit 

einer Einrichtung verbunden ist, die einen Teil 
der Abgabeeinrichtung bildet und betatigbar 
ist, um einen prozentualen Gehalt des Elemen- 
tes in der Bodenflache von der zweiten Signal- 

20 intensitat bestimmen. 

9. Vorrichtung nach einem der vorhergehenden 
Anspruche, welche ferner eine Einrichtung (26) 
umfaBt, die mit dem Fahrzeug (12) verbunden 

25 ist, um die Bodenflache vorzubereiten. 

10. Vorrichtung nach Anspruch 7, bei welcher die 
Prozentsatzbestimmungseinrichtung (30) um- 
faBt: 

30 a) eine Einrichtung zum Speichern eines 

vorbestimmten Wertes, der einen bekannten 
Prozentgehalt des Elements anzeigt; und 
b) eine Einrichtung zum Vergleichen des 
vorbestimmten Wertes mit der bestimmten 

35 Intensitat des zweiten Signals, um einen 

Ausgabewert zu erhalten, wobei der Ausga- 
bewert den Prozentgehalt des Elementes in 
der Bodenflache anzeigt. 

40 11. Vorrichtung nach einem der AnsprUche 1 bis 5 
und 7 bis 10, bei welcher die Bodenanalysee- 
inrichtung (28) Ultraschallwellen verwendet. 

12. Vorrichtung nach einem der AnsprUche 1 bis 5 
45 und 7 bis 10, bei welcher die Bodenanalysee- 
inrichtung (28) Mikrowellen verwendet. 

13. Verfahren zum Behandeln von Agrarland, be- 
stehend aus den Schritten: 

so a) Feststellen eines laufenden Elementlevels 

einer Bodenflache; 

b) Bestimmen einer Bodenvorschrift; und 

c) Aufbringen des Elementes auf die Bo- 
denflache als Funktion der vorbestimmten 

55 Bodenvorschrift, gekennzeichnet durch 

Feststellen des laufenden Elementlevels 
durch 
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i) Anregen der Bodenflache mit einem 
Signal mit einer vorbestimmten festen 
Frequenz; 

ii) Erfassen eines zweiten Signals, das 
vom ersten Signal induziert wird, von der 
Bodenflache, wobei das zweite Signal 
eine Vielzahl von Frequenzen umfaBt; 
und 

iii) Vergleichen des zweiten Signals mit 
einem Referenzsignal, urn den Element- 
level der Bodenflache zu bestimmen; 
und Bestimmen der Bodenvorschrift auf 
der Basis der Bodenart und des zweiten 
Signals. 

14. Verfahren nach Anspruch 13, bei welchem das 
Verfahren in nahezu Echtzeit durchgefuhrt 
wird. 

15. Verfahren nach Anspruch 13 Oder 14, das fer- 
ner den Schritt umfaBt: Feststellen einer Ge- 
schwindigkeit eines Fahrzeugs, das angepaflt 
ist, urn das Element auf die Bodenflache in 
Schritt (c) aufzubringen und das Element auf 
die Bodenflache in Schritt (c) als Funktion der 
Fahrzeuggeschwindigkeit aufzubringen. 

16. Verfahren nach Anspruch 13, 14 oder 15, das 
ferner den Schritt umfaBt: Feststellen einer Bo- 
denart der Bodenflache und Aufbringen des 
Elementes auf die Bodenflache in Schritt (c) 
als Funktion der Bodenart. 

Revendications 

1. Dispositif pour traiter une surface d'un sol, 
comprenant : 

a) un vehicule (12) pouvant traverser un 
champ ; 

b) un moyen d'analyse du sol (28) couple* 
audit vehicule (12) pour obtenir un signal 
indiquant la teneur en au moins un element 
a un endroit du sol, 

caracteVise en ce que le moyen d'ana- 
lyse du sol (28) comprend : 

(i) un moyen de generation de signaux 
pour engendrer un premier signal a une 
frequence fixe pr6d£termin6e et diriger 
ledit premier signal sur I'endroit du sol ; 
et. 

(ii) un moyen de detection pour detecter 
un second signal de retour de I'endroit 
du sol induit par le premier signal, ledit 
second signal etant compose* d'une plu- 
rality de fr£quenc s et d€finissant une 
signature du sol indiquant la teneur en 
ledit £l£ment ; 

le dispositif comprenant en outre : 



(c) un moyen de distribution (30, 32) couple* 
activement au moyen de detection pour dis- 
tribuer une quantite* de lament en fonction 
de la signature du sol. 

5 

2. Dispositif selon la revendication 1 , dans lequel 
ce dispositif comprend un moyen (30) pour 
determiner le type de sol audit endroit du sol, 
dans lequel ledit moyen de distribution distri- 

10 bue ledit element en fonction dudit type de sol. 

3. Dispositif selon la revendication 1 ou la reven- 
dication 2, comprenant en outre un moyen (32) 
pour detecter la vitesse du vehicule couple* 

75 activement au moyen de distribution (22, 30), 

dans lequel ledit moyen de distribution distri- 
bue ledit Element en fonction de ladite vitesse 
du vehicule. 

20 4. Dispositif selon Tune quelconque des revendi- 
cations prec^dentes, dans lequel ledit moyen 
de detection peut §tre mis en fonctionnement 
pour executer la determination en temps reel 
de la moyenne des seconds signaux d6tect£s, 

25 et distribue ledit element en fonction de ladite 

moyenne des seconds signaux. 

5. Dispositif selon Tune quelconque des revendi- 
cations prgc^dentes, dans lequel ladite signa- 

30 ture du sol d&ectge indique I'azote, le phos- 

phore et le potassium presents a I'endroit du 
sol. 

6. Dispositif selon Tune quelconque des revendi- 
35 cations pr6c£dentes, dans lequel ledit moyen 

d'analyse du sol (28) comprend un spectrogra- 
phe. 

7. Dispositif selon Tune quelconque des revendi- 
40 cations pr6c6dentes, dans lequel ledit moyen 

de distribution (22, 30) est positionne* a une 
distance predeterminee derriere ledit moyen 
d'analyse du sol (28). 

45 8. Dispositif selon Tune quelconque des revendi- 
cations precedentes, dans lequel ledit moyen 
d'analyse du sol (28) comprend en outre : 

un moyen (30) pour determiner Tintensite* 
dudit second signal de retour, couple* active- 

50 ment a 

un moyen faisant partie dudit moyen de 
distribution et pouvant §tre mis en fonctionne- 
ment pour determiner un pourcentage de l'6l£- 
ment a I'endroit du sol a partir de Tintensite* 

55 dudit second signal. 

9. Dispositif selon I'une qu Iconque des revendi- 
cations precedentes, comprenant en outre un 
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moyen (26) couple audit vehicule (12) pour 
preparer ledit endroit du sol. 

10. Dispositif selon la revendication 7, dans lequel 
ledit moyen de determination de pourcentage 5 
(30) comprend : 

(a) un moyen pour enregistrer une valeur 
predetermine indiquant un pourcentage 
connu dudit element ; et, 

(b) un moyen pour comparer ladite valeur 10 
predetermine a I'intensite d£termin§e du 
second signal pour obtenir un signal de 
sortie, ledit signal de sortie etant indicatif du 
pourcentage de lament a I'endroit du sol. 

75 

11. Dispositif selon Tune quelconque des revendi- 
cations 1 a 5 et 7 a 10, dans lequel ledit 
moyen d'analyse du sol (28) met en oeuvre 
des ondes ultrasonores. 

20 

12. Dispositif selon Tune quelconque des revendi- 
cations 1 a 5 et 7 a 10, dans lequel ledit 
moyen d'analyse du sol (28) met en oeuvre 
des micro-ondes. 

25 

13. Procede pour traiter une terre agricole compre- 
nant les etapes de : 

(a) verification du niveau actuel d'un ele- 
ment a un endroit du sol ; 

(b) determination d'une prescription pour le 30 
sol ; et, 

(c) epandage de reiement audit endroit du 
sol en fonction de ladite prescription deter- 
mine pour le sol, 

caract£ris£ par la verification du niveau 35 
actuel de reiement par 

(i) I'excitation de I'endroit du sol avec un 
signal a une frequence fixe predetermi- 
nee ; 

(ii) la detection d'un second signal induit 40 
par ledit premier signal provenant dudit 
endroit du sol, ledit second signal com- 
prenant une pluralite de frequences ; et, 

(iii) la comparaison dudit second signal a 

un signal de reference pour determiner 45 
le niveau de reiement audit endroit du 
sol ; et la determination de la prescrip- 
tion pour le sol selon le type de sol et le 
second signal. 

50 

14. Procede selon le revendication 13, dans lequel 
ledit procede est mis en oeuvre pratiquement 
en temps reel. 

15. Precede selon la revendication 13 ou la reven- 55 
dication 14, comprenant en outre retape de 
verification de la vitesse d'un vehicule adapte 

a repandage de reiement a I'endroit du sol 



dans retape (c) et d'epandage de reiement a 
I'endroit du sol dans retape (c) en fonction de 
ladite vitesse du vehicule. 

16. Procede selon la revendication 13, 14 ou 15, 
comprenant en outre retape de verification du 
type de sol a I'endroit du sol et d'epandage de 
reiement a I'endroit du sol dans retape (c) en 
fonction dudit type de sol. 
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